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PERSPECTIVE 

Introduction of modern methods of molecular biology to 
detect nucleic acids, coupled with the use of monoclonal 
cintibodies (MAbs) lo detect proteins, has led to signifi- 
cant changes in our understanding of the hepatitis B virus 
(HBV) carrier state and the pathogenesis of HBV-me- 
diated chronic liver disease. Shortly after the National 
Institutes of Health (NIH) guidelines for recombinant 
DNA research were modified in 1979 to permit cloning 
of human pathogens, four laboratories repi^rtcd on the 
cloning of HBV. Methods were then developed rapidly 
to use molecular hybridi/^ition techniques to identify 
viral DNA sequences at the picogram or subpicogram 
level in the liver and serum of chimpanzee and human 
HBV carriers.*-'^ At the same time, high-affinity mono- 
clonal antibodies to the hepatitis B surface antigen 
(HBs Ag) were developed that were capable of detecting 
viral surface antigen in the 10 to 100 pg range. These 
methods were then combined with molecular hybridiza- 
tion to show that some patients who wctir formerly 
thought to have cleared viral infection (because they had 
developed antibodies to all known viral proteins) or were 
infected with other viruses (because all conventional im- 
munologic (ests for HBV were negative), were in fact 
actively infected with HBV or *'variani/mutant" forms 
of HBV.** *' Although there was some initial skepticism 
concerning these observations," recent studies using the 
polymerase chain reaction (PCR) to amplify very small 
amounts of viral nucleic acids (approximately 10 '^ to 
10 '* pg) coupled with simplified DNA sequencing 
methods have confimied and markedly extended our ini- 
tial findings.'*-" 
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In the early 1980s, it was observed lhat a large pro- 
portion of HBsAg carriers in a Greek population 
who had developed antibodies to the hepatitis B e anti- 
gen (HBeAg), as well as to hepatitis B core antigen 
(HBcAg). still produced and secreted substantial 
amounts of virus into the bloodstream.^^ In contrast to 
so-called benign carriers, v*^ho showed no liver patho- 
logic changes other than the presence of "ground-glass" 
hepatocytes (hepaiocyies in which the cytoplasm was 
full of HBsAg), 3 large proportion of these individuals 
also showed chnmic liver disease.^ Subsequent studies 
from Japan indicated that a specific subgroup of HBsAg 
carriers who were anti-HBe and HBV DNA positive in 
the serum had a highly virulent form of chronic active 
hepatitis with rapid progression to cirrhosis and death." 
Why certain patienis lost HBcAg and developpd ancibod- 
ies to this protein, which was initially thought to repre- 
sent a serologic marker of viral replication, and yet these 
HBeAg-negative individuals still continued actively to 
replicate virus and developed chronic liver disease, re- 
mained a mystery. This article is directed at illustrating 
how modem molecular and immunologic methods have 
unraveled some of these mysteries and suggests the pos- 
sibility that variant or mutant forms of HBV play a major 
role in the pathogenesis of liver disease associated with 
persistent viral infection. 



INTRODUCTION 

Studies over the last decade have shown lhat HBV 
may exist in serum and liver tissue at extremely low lev- 
els. ''^^ Viral latency and low level replication may occur 
even in the presence tif antibixJies to HBsAg (ant i- HBs), 
HBcAg (anti-HBc), and HBeAg (anU-HBe).^^ ^*-^* These 
observations are the direct result of the introduction of 
highly sensitive and specific molecular hybridization and 
MAb techniques. and it is now apparent that low 

level HBV and HBsAg has been found in some pa- 
tients with chronic liver disease in the absence of any 
HBV serologic markers. Furthermore, the HBV genonne 
shows a much higher mutation rate than previously rec- 
ognized,'* because the virus replicates through a reverse 
transcriptase mechanism similar but not identical to that 
of retroviruses.^ Since reverse iranscriptas s do not have 
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proofreading capacity as part of their polymerase func- 
tion, errors made during transcription of DNA from 
RNA are not corrected. The biologic consecjuenocs of 
mutations in the HBV genome identined to date include: 
(1) Viral latency within the hcpatocytc;^'**^" (2) low-ievel 
replication (3) enhanced liver injury in 
some individuals with prccore mutations;^^"^^ (4) vaccine 
failure or nc in responsiveness due cither lo mutations in 
the surface antigen gene that allows the variant strain to 
escape prior HBsAg immunization or preexisting unde- 
tected low level infcction;^^-^* (5) deletion mutants within 
the core and surface genes that may lead to or coniribuie 
to an abnormal immune response;^'-^* and (6) a previ- 
ously unrecognized role of low-level infection as the 
cause of idiopathic liver disease.'* These re- 

cent observations have been made possible by using new 
molecular methods to identify circulating encapsidated 
virions, in the most sensitive current version of these 
methods, virus particles are extracted from serum by 
MAb anti-HBs capture, followed by PCR amplification 
of HBV DNA or direct PCR amplification of viral nu- 
cleic acids extracted from serum and liver 
The molecular structure of some of these variants has 
been determined by cloning and DNA seqitence analy- 
:7.2s.jo ^-1.19 functional and biologic characteristics 
of these variants arc now being analyzed in many labo- 
ratories. For example, the biologic properties and repli- 
cation competence of cloned full-length HBV genome 
derived from both serum and liver have been determined 
by transfection into replication competent hepatocellular 



carcinoma (HCC) cell lines followed by analysis of viral 
protein, RNA and DNA synthesis.^* From a di- 

agnostic jxjini of view, it is now possible with these 
newer techniques to detect several viral particles per mil- 
liliter of scrum. '^-^'-^ Thus, it is now po.ssible to assess 
the pathogenic role of low-Icvcl HBV and variant infec- 
tion in patients with acute and chronic liver disease of 
uncertain etiology, even if there is no serologic evidence 
of past HBV infection. 

Detection of Low-Level Hepatitis B Virus 
Infection in Serum 

Figure I shows a rapid, sensitive, and specific 
method that is capable of delecting less than 10 HBV 
virion particles per 200 fxl serum. The method involves 
the capture of encapsidated viral particles from serum 
using a high affinity (4 X 10*' L/M) immunoglobulin M 
(IgM) monoclonal anti-HBs antibody coupled to a solid- 
phase support. The solid-phased support is dicn washed 
to remove serum proteins, which may act as inhibitors 
of the subsequent PCR. The solid-phase support is then 
heated to 95**C to release the viral DNA from the cap- 
tured virions. PCR amplification is then initiated using 
specific primers of approximately 20 nucleotides derived 
from the core and precore sequences, which are highly 
conserved among the hepadnaviruses. This approach al- 
lows for amplification of all MAb anti-HBs captured vi- 
rions and includes viral particles with substantial ge- 
nomic heterogeneity. This technique is at least 1 000- fold 
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FIG. 1 . Schema illustrating the detection t hepatitis B virus and/or variants In serum by monoclonal anti-HBs Im- 
munoglobulin M <tgM) capture followed by polymerase chain reaction (PCR) amplification.^ 
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P.e 2 Anatyste of 13 pa«ents wHh chronic liver <hseaso ^J^^^' P^'^'J^^erase^hair. 
B virus (SeVHetated viVlonsby anti-HBs ^^^^^^"^^ ^^S^ ^aLrs- However, 
feactten amp««c-tioo. Eleven of Ihe " P^'^^fJ-l^^ ah palienls were r^atiye lor ant.- 

hepatitis (patients 12 and 13). 



,.„re sensitive .ha„ HBV DNA do. ^lo. hybndaauon 
and monoclonal 

I^Ttilv^DNrhl £Sec.^^ serum and 

o^HBsAg-negative panenls wiih and without ant.- 

HBs an "fnttHBc'Libc^^^ These «b.scrvatio^ con- 
and extend findings in the early '"^^O-" ^^^^^^ 

J ^ximately 35% of sera from P^''f"7JSi,""™^'^^^^ 
MR^ reaciivitv but negalivc tests tor HbsAg oy cun 

diagnosis. 

Identification ot Lo«-Level Hep^^^^^^ B 
Virus Infection in Hepatitis 
Vaccine Nonresponders 

There arc other circumstances in ^«hich detection of 
,ov.-lIJ^rH?^ nfUtion becomes i-^''-'; J 

population. Ir. order to |ow-levcl 

,oi of individuals fail to respond to vaccnuljon^ A pop- 
iu* oi inui ciudied to determme whether low- 

ulation in Japan was ""^^.-..^ ,„ cases of 

level HBV infection ^''^^^''LpXsis to be 

grealer than a signal-to-no.se f/52ae«ihof the 

- I- • i u. fvr^ived three doses ol ji^caLu ui w»v 



/n V T E and O A) responded to the booster dose and 

^!l^o«ciMi*»ed HBV V rions m serum, as snown oy iv /aif 
rcranalyls Thus these findings sugees. .hat low- 
Mel fnfec. on with HBV may account for some nonre- 
levei vaccination. Therefore, one has to 

TnX th:?;s"s?bmty^now-level HBV infection in 
XVon to other possible reasons, such as ™propcr han- 
ding or administVation of the vaccme host SP^^^' 
Jors'Id other diseases as.scH:iated 

Sinn, for lack of an inadequate anti-HBs response 10 
HBsAg vaccination. 

Detection of Low-Level "epa% 
Infectionin Patients wltl^ Liver Dis ase 
iniecuon Etiology 

Previous studies using ^A hybriJizaJion te^^^^ 

HBsAo by conventional tests.-" ''^''^'^Z''^, 
Som such patients had been shown to transmit hepamis 
Stion iS chimpanzees following intravenous imKU- 

TAni F 1 Presence of Low-Level Hepatitis B Virus 
mB?tfiJiatS^«l^^"'es in Serum and Atit.HBs 
^ SsSnse to a Booster Dose of AntUHBsAg m 
Vaccine Nonresponders 
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lation. These experiments established that dececiion 
of HBV and variant infection by more sensitive tech- 
niques was bioIojjcaKy important. With the develop- 
ment of the PGR method to amplify viral DNA, it is now 
possible to clone and characterize viral molecules rapidly 
from low-lcvcl HBV and variant infections. 

The clinical significance of low-level HBV is 
now being explored in well-defined groups of patients 
with chronic liver disease and cinhosis. For example, 
sera from patients with HBsAg-negativc chronic liver 
disease"'' have been analyzed for the presence of circu- 
lating cncapsidated HBV using the MAb anti-HBs cap- 
ture/PCR method (Table 2). All patients in this study had 
been tested for HBsAg by a sensitive M-IRMA (lower 
limit of detection was approximately 20 pg/ml HBsAg) 
and a less sensitive dot blot hybridiz-ation*^' for HBV 
DNA in serum and were found to be negative. As shown 
in Table 2, 31 and 29% of patients with liver disease in 
groups I and II. respectively (with and without anti- 
HBs), were reactive in the assay, whereas no individuals 
in the conti'ol groups (HI and JV) were positive (p 
<0.(Kj01). Furthermore, independent assays performed 
on separate serum samples obtained 6 months later in 10 
of 12 patients whose initial sera were positive remained 
positive, suggesting a chronic low-level carrier stale. 

Most of the 67 patients studied had undergone prior 
liver biopsy for clinical diagnosis and 42 paraffin blocks 
were available for extraction of DNA and subsequent 
PCR analysis. Table 2 also illustrates the results of these 
studies. It is of interest that 16 of 22(73%) and 13 of 20 
(65%) patients in groups I and II harbored HBV DNA 
sequences in their liver. Therefore all individuals with 
low levels of HBV virions in .serum also had HBV DNA 
sequences in their liver. In contrast, there were some in- 
dividuals with HBV DNA sequences in liver who had no 
detectable HBV virions in serum. This finding suggests 
that some patients with chronic liver disease may have 
latent viral genomes in hepatic tis.sue. The clinical con- 
sequences of this finding with respect to pathogenesis of 
liver injury awaits further study. 

After identification of HBV-rclatcd viral genomes 
in serum and liver, direct analysis of the amplified viral 
sequences using restriction fragment analysis was per- 
formed. This additional method to explore the signifi- 
cance of HBV DNA in serum and liver was nijccssary 
for the following considerations: First, this approach 
provides additional evidence for the presence of HBV- 



nelatcd DNA sequences initially identified by the anti- 
HBs capiurc PCR amplification assay. Second, the am- 
plified viral .sequences may be directly analyzed with the 
known HBV DNA subtype sequences in order to com- 
pare their genomic organization. Third, this approach 
can exclude the possibility of contamination of the sam- 
ples or assay reagents hy a common vjral DNA strain 
used in the laboratory. Figure 3 illustrates a rapid method 
for analy7.ing low-level HBV and variant genomes in- 
corporating a restriction endonucieasc step to generate a 
simple map of restriction fragments of the virus detected. 
The entire nucleic acid sequence of HBV subtypes is 
available and direct comparison between the subtypes re- 
vealed approximately 10% heterogeneity. By analyzing 
the patterns of restriction enzyme digestion of the am- 
plified HBV viral genomes, it is possible experimentally 
lo demonstrate genomic sequence homogeneity or het- 
ert>geneiiy. Since the pre-S and S regions demonstrate 
the most .sequence variation among the subtypes, these 
regions were analyzed by restriction fragment polymor- 
phism analysis, as shown in Figure 3. In this context, 
restriction fragment analysis of the PCR amplified liver 
and serum viral sequences from three patients was per- 
formed to compare the genomic organization of the virus 
derived from the liver and serum. As shown in Figure 4, 
the vira! sequences were identical in serum and liver as 
shown by the patterns of re.striction enzyme digestion. It 
is also apparent that the three viral genomes differ from 
each other, since they display subtle restriction enzyme 
fragment heterogeneity. This indicates infection by dif- 
ferent HBVrrelaled agents in each case and eliminates 
the possibility of cross-contamination of specimens. 

Thus, a heterogeneous group of low-level HBV has 
been identified in patients with chronic liver di.<;ease pre- 
viously thought lo be unrelated to HBV infection. These 
studies illustrate the diagnostic importance of molecular 
techniques to establish the presence of low-level viral 
infection. It is also important to note that there are pa- 
tients with idiopathic liver disease and amplifiablc HBV 
DNA sequences in liver but no demonstrable HBV DNA 
in serum. Explanations for this phenomenon include the 
pt>ssibility that the level of circulating virions may fluc- 
tuate and fall below the detection limit of the anti-HBs 
capture/PCR assay or PCR amplification after viral DNA 
extraction from serum at any given time of sample ac- 
qui.sttion. Second, in patients wixh anti-HBs, viral par- 
ticles released from infected hepatocytes may be rapidly 



TABLE 2. Prevalence of Low-Level Hepatitis B Virus (HBV) Infection In Patients with Chronic Liver Diseas 

and Cirrhosis of UncerUIn Etiology* 



Scrum HBV DNA (Anti-HBs/PCR} tn-rr HBV DNA (PCR) 

Anti'HSs No. P*^xitivefNo. Tested % Nn. PositiveiNo, Tested 



U/36 3t%+ »6/22 7?^ 



Group 
I 

III - 0/32 0^ NDi 

IV + 0/23 0% ND 

•The -subjects Willi idiopathic liver disca.sc (gfrtups I and III were analyzed for ihc presence or HBV UNA in hoih scram and liver and the 
cnmmLs with no liver disease (groups III and IV) in scrum. 

tp <O.OIH)I comparing iiroup I with group III and group 11 with group IV usini; Fisher's exact lest. 
tND = no» done. 
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FIG. 3. DNA was extracted from liver using a standard method or from serum using the monoclonal antibody <MAb) 
caplure/polymerase chain reaction (PGR) method and amptifted In the presence of radioactive nucleotide precursors 
and primers spanning the surface region. The PCR product was subjected to digestion by a combination of restriction n- 
donudeases <M/S or D/H/M). The digestion mixture was then electrophoresed and exposed to x-ray film. A computer-generated 
restriction analysis ot various hepatitis B virus subtypes Is shown. 



removed from the circulation in ihc presence of high lev- 
els of anIi-HBs- A third possibility is that the virus may 
be present in the liver in an episomal form without 
detectable transcription or replication. In this regatti, 
the detection of latent HBV has been previously re- 
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FIG. 4. Aestriction-fragment analysis of hepatitis B virus 
DNA in serum and Hver from three patients with cirrhosis. 
Note that the viral strain in the serum and liver from each pa- 
tient is the same but there Is subtle genomic variation of the 
virus Isolated rrom each patient, indicating that they are distinct 
and separate viral strains. 



portcd,^"^ *^-^'^'* and the molecular mechanism for viral 
latency is now being explored (see later). Finally, the 
viral genome may be integrated into the hcpatocyte DNA 
as a result of previou.s HBV infection, particularly in pa- 
tients with anti-HBs antibodies. Additional studies will 
be necessary to distinguish between these various pos- 
sibilities. 

Mechanism of Hepatitis B Viral Latency 

The capability of amplifying low-level viral se- 
quences by PCR in tissues such as liver has led t an 
exploration of the mechanism.s of HBV latency following 
apparent serologic recovery from infection. One general 
approach has been to neconstruct full-length genomes 
from various PCR aniplifccd subgenomic fragments of 
HBV DNA, followed by transfection of the viral DNA 
into a permissive human HCC cell line. These experi- 
ments allow the assessment of viral DNA, RNA, and 
protein synthesis by the reconstmcted genome, if there 
are critical misscnse mutations within the vii^al genome 
that affect the viral replication cycle, this approach may 
functionally identify the important biologic role of the 
mutations. For example, HBV DNA species have been 
detected in serum and liver from HBsAg-negative indi- 
viduals and experimental animals with and without an- 
tibodies to viral antigens, which illusirsues the potential 
clinical importance of viral latency. 
However, the fine structural details of these species 
have not previously been analyzed. ThusV lo identify a 
possible genetic basis for the persistence of HBV 
DNA in HBsAg- negative patients, the HBV genome from 
the liver of a patient serologically immune to HBV 
infection^^ was chai^cterized in detail. This patient hud 
a history of viral hepatitis 23 years earlier. A full-Iengih 
viral genome of 3221 bp was reconstructed from the pa- 
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lient s liver and thu complete nucleotide sequence was 
eslabJishcd, as shown ia Figure 5. At ihe stnic rural level 
numerous missense mutations were identified in all vira! 
genes with the highest frequency in the preccre/core 
gene (map position 1816-2462), which is otherwise the 
most conserved region among different HBV genomes 
and other hepadnaviruses. 

Functional analysis of the mutant vtrai genome after 
in vitro transfcciion of a human hepatoma cell line re- 
vealed three major findings: (() a low level of HBsAg 
syntliesis. presumably caused by mutations affectmg 
viral promoter-enhancer elements; (2) absence of pre- 
core/core protein in transfected cells and HBcAg m 
culture medium because of the in-phase stop codon 
mutation at the end of the precore region; and (3) mcom- 
petcnce to replicate because of a point mutation m the 
polymerase gene (arrow) that interfered with cncapsida- 
lion of pregenomic RNA. Therefore the genetic basis of 
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the replication defect was shown to be due to a single 
missense mutation in position 2798 in the 5' region of 
the polymerase gene (Fig. 6, Table 3). Mutant viral 
DNA could be made replication competent by a C to A 
mutation in this position; conversely, '*wild-typc" HBV 
DNA was rendered replication defective by an A to C 
mutation in the same posiiitm. This mutation leads to 
substitution of proline for threonine in thcN-teiminal re- 
gion of the polymerase, which is iinporlani for reverse 
transcription. By primer extension studies, it was further 
demonstrated that the molecular basis for the inability to 
replicate was a defect in the packaging of pregenomic 
RNA. In addition, coinpli mentation studies demon- 
strated that the mutant viral genome could be comple- 
mented in trans by a full-length wild-type gene con- 
struct. In biologic terms, these findings suggest that the 
accumulation of mutant DNA in the patient's liver most 
likely occurred through rran^-complementation by wild- 
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CTCCtTCCTl 


TCCTAACA7T 


CATT7ACAAC 


ACCACATtAt 


TAATACCTCT 


CAACAATTTC 


GATTGAAATT 


AATTA7CCC7 


OCTACATTCT 


ATCCIACCCA 


CACAAAATAT 


7TCCCCTrAC 


ACAAAGGAA7 


TCATTACTTC 


CAAKCACAC 


ACTATTTACA 


TACTC77TCC 


AACCCT0C7A 


TtCTA7A7AA 


GAGGCAAGCC 
C A 


7AT7CTT0GC 


MCAACACCT 


T 

ACACCATCOC 


ACCTCGGACA 


TCAAAACCTC 


GCAAAOOCAT 


GCOSAOGAAT 


CCCGATCATC 


MCTTCCACCC 


TSGCArrCGSA CCCAACTCAA 


ACAATCCAGA 


7TS0CACTTC 


MCCCCATCA 


CAC7COCAGC 


ATTCCQOrCA 


CCtSCTCACCC 


C7CCACA0CC 


CCCtATTTTC 


GGGTOCACCC 


: CtCAOQCrCA 


TCCtCCTOCC 


TCCACCAATC 


A 

GCCACTCACC 


AACCCASCCT 


ACTOCCATCT 


CTCCAOCTCT CACACAAACI 
A C 



3201 CATCCTCACC CCATOCACTC 6 

FIG 5 Complete nucleic acid sequence of an hepatHis B virus variant ^r^owj^dicales^^^ single 
™; for the replication <Jef€ctiveness ot this virus. Numerous mutations in ail viral genes are shown by the 
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FIG. 6. A: Structure and replication competence of hepatitis B virus (HBV) subclones. The head-io-tail dimer of "wild-type" adw 
(adw HTD, cloned into the EcoRI site of p6EM-7) was subctoned as Aatll (nl 1419) and Dral (ni 2186) fragments to yield the 
truncated, replication-competent construct adw R9. By exchange of specific regions between adw R9 and a mutant HBV genome 
<5-15}, the subclones illustrated were obtained. The regions in black indicate HBV 5-i5 insertions into adw R9, B: HBV DNA 
replication of HBV subclones. Southern blot analysis of cytoplasmic DNA isolated from HuH-7 cells 5 days after iransfection with 
the clones indicated on top (see A), Autoradiographic exposure time was 1 day at - 80*C; marker was 5 pg of HBV DNA. 



type HBV DNA or HBV mutants with an intact poly- 
merase gene. The nDutation- induced changes in the bi- 
ology of this varinnt virus, acquired during the 23-year 
period afler initial intectioji with a presumably wild- type 
virus, may have allowed the HBV mutant to persist in 
liver cells by escaping from immune surveillance. Al- 
though wild- type and wild- type plus mutant- infected he- 
patocyics may have been eliminated by immune mecha- 
nisms directed against normal viral gene products, such 
as membrane-associated HBsAg^' or HBc/eAg, the mu- 
tant R9R8 5-15 infected liver cells may have escaped 
immune elimination because of absent or low-icvel gene 



expression or mutation-induced antigenic changes of 
viral targets for the immune system. From this perspec- 
tive, critical missense mutations may be a mure general 
mcchanisnn underlying HBV pereistencc through escape 
from immune surveillance or alteration of viral gene 
expression and replication,^- Considering the persistence 
of viral DNA species in HBsAg-negalive patients and 
experimental animals/^ '' ^*'-^'-^-'"-^* *^ '**' '^ a detailed char- 
acterization of these viral DNA species, analogous to the 
strategy applied in this study, should allow assessment 
of the contribution of single misscnse mutations lo the 
biology of HBV^ and to the variable course of naturally 



TABLE 3. DNA Sequence and Replication Competence of In Vitro Mulagenlzed Hepatitis B Virus 

(HBV) Clones arxl Their Parent Constructs 



^^^"^ ^ OAr4 Sequence ReplicaUon 

2798 2820 
I I 

adw R9 2791 -CiAGCGAAACC ACACGTAGCG CATCATT TTG CGGGT-2825 + 

2- 6 2791- C -2*25 ^ 

5- 3 2791- C -2825 + 

Ava la 279 1 -GACJGG AACCC ACACGTAGCG CATCATTTTC CGGCT-2825 _ 

6- 6 2791- A -2825 + 

3- 3 2791- G .2K25 
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FIG 7 Persistence of hepatitis B virus (HBV) DNA in chimpanzee liver following acute 
in»ei;iion. Polymerase chain reactions using both core and surface primers were pertormed 
separately on extracled liver DNA and electrophoreses on the same lane and probed with P- 
HBV DNA Approximately 50 ng of total liver ONA was used in each reaction. Lane i 6 weeks 
belore the time of inoculation (wk 0). The remainder are after inoculation as ^"^ws: lane 2. 4 
weeks; lane 3, 8 weeks: lane 4. 12 weeks; lane 5.16 weeks; lane 6. 20 weeks; lane 7 25 weeks, 
lane 8 29 weeks; lane 9, 9 months; lane 10. 1 1 months. Lar»e 1 1 is negative control. 



occurring acute or fulminant and chronic HBV infection, 
including the development of HCC. 

Evidence is accumulating thai HBV variants, when 
studied in chimpanzee transmission experiments » may 
exhibit different biologic properties than wild-lype viral 
strains. For example, a recent .study in a liver transplant 
recipient who was HBV positive at the time of transplan- 
tation revealed the evolution of an HBV variant during 
suhsequent human ami -HE s IgM antibody administra- 
tion to prevent reinfection of the donor liver. Under im- 
munolc^gic selection pressure from the exogenousiy" ad- 
ministered IgM anii-HBs. a new HBV strain emerged 
with a point mutation leading to a glycine to arginine 
substitution in a highly conserved hydrophilic domain of 
HBsAg at amino acid position 145. This single amino 
acid change was sufficient to block immune reactivity 
with the IgM MAb and the patient became reinfected 
with the mutant strain. Inoculation of the variant virus 
into a chimpanzee demonstrated defective HBV replica- 
tion and low-lcvcl HBsAg production in the liver. This 
study strongly supports a relationship between an in- 
duced amino acid difference in the HBsAg gene region, 
reduced MAb binding to the mutant strain, and defective 
viral replication in vivo. 

In another HBV variant, serum froni an individual 
with chronic liver disease and without HBV serologic 
markers but reactive by the MAb anti-HBs capturc/PCR 
amplification was inoculated into a chimpanzee. After 
inoculation, an acute hepatitis B-like infection developed 
in the chimpanzee (Fig. 7>. However, analysis of serial 
biopsy specimens, showed the persistence of HBV DNA 
for more than 1 7 months after resolution of acute hepa- 
titis and seroconversion to anti-HBs positive. As shown 
in Figure 8, there was evidence thai (he viral DNA |)er- 
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Month 17— I 
Hindm 




FIG. 8. Southern blot analysis oi hepatitis B viru <HBV) 
DNA in infected chimpanzee liver. Liver DNA from week 8 
(5 MQ) and from month 17 (60 ^g) were used for restriction 
enzyme analysis. DNA, 50 ixg, trom the nuclear traction of he- 
patocytes (month 17) and equivalent amount from the cytosolic 
fraction were digested with Hind III. Lane 1. week 8. undig s- 
t d- lane 2, week 8. Hind III; lane 3, month 17, Hind III; lane 4. 
month 17. BamHi; lane 5. month 17. cylosolic fraction. Hind III; 
lane 6. month 17, nudear fraction. Hind III. The positions tor 
RC (relaxed circle), L (linear), and SS (single-siranded) forms 
of HBV DNA are shown. 
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TABLE 4. Signiricanl Nucleotid and Amin Acid Substituti ns in an Hepatitis B Virus (HBV) Varianr 



Pre-C/C Rrgiotx 



f*rr S-fieston 



S Region 





Amino AcUIt 


NocUolidf t 




^mrno Arid* 


Nucicoiide'*^ 




Amino AriJi 


1858/60 C-*T 


15 Pru-*Scr 






27 Asp-^Gly 


1388 




S Val— 'tcu 


2260 Cf-*T 


M5 l.€i>-*Phc 


.M)tO 






1439 


ti->A 


22 Gly— Scr 






C— T 


60 Alsr— Val 


1481 


O-^A 


36 Ala- 'Tl-.r 






3033 


G— T 


62 Ala->Scf 


1514 


G— A 


47 Ali»-*'t hr 






3066/7 




73 Gl>— A»n 


r632 


A-^G 


86 His— Arfi 






K/9 


C.'A-»C/C 


1 25 Thw-*Scr 









Ami rut Acidt 



164 A -*G 3 Asn-»Scr 
514 C— T S^Scr— Lcii 

785 0-»A 210 6cr— Aj>n 



*Thc fiist nucleotide and amino acid are derived from the sequences or odr and the second are from ihose of the HBV variant . Mutations in 
the Pol region are not shown. There were a loial of 34 amino acid substitutions. 

iNuctcotide posiiton is determined frum position 0 at the EcoRI site in adr. / 
t Amino ncid position is numerated fnim the staning Mel residue of each protein. 

y^ 



sisted in a nonreplicating episomal form (RC) in the nu- 
cleus of hcpatocytes and the cytoplasm at 17 months was 
free of HBV replicalivc intermediates. This experimental 
chimpanzt:e infect iviiy study has demonstrated that, after 
clinical and serologic recovery from acute hepatitis in- 
fection, there may be persistence of low-level hepatitis 
B genomes in the liver despite the preticncc of anti-HBs. 
Recent investigations focusing on patients who have 
cleared HBsAg after apparently successful a -interferon 
treatment have found similar results.-'' In addition, clon- 
ing and sequencing analysis of residua] genomes re- 
vealed multiple nucleotide and amino acid changes com- 
pared with all known hepatitis B virus subtypes (Table 
4). These changes may have contributed in part to a dif- 
ferent antigenic composition or led to persistence of the 
viraJ genome in liver tissue as a natural consequence of 
mutations occurring in important viral regulatory re- 
gions. It seems highly likely that the mutations detected 
in this variant viral genome were responsible for its aber- 
rant biologic behavior, since this virus contained many 
significant mutations not found in other HBV strains. 
Further characterization of the biologic pmperties of this 
mutant strain, as well as additional HBV isolates, will 
be necessary to interpret the significance of mutations 
within various regions in the viral genome. 

Evolution of Pre-S/S and Pre-C/C Deletion 
Mutants During Chronic Hepatitis B 
Virus infection 

Studies are now being performed in chronic carriers 
of HBV with special emphasis on mutations that occur 
in the prc-OC region. In one study, chronic carriers of 
HBV without liver disease were analyzed lor the pres- 
ence of mutations within the pre-OC region and com- 
parisons were made to chronic carriers with chronic ac- 
tive hepatitis, it was found that approximately 70% of 
patients with chronic hepatitis had deletions within the 
core gene ranging from 105 to 183 nucleotides.^' The 
presence of these deletions, as well as missensc point 
mutations, correlated well with the development of liver 
injury. These deletion mutants were found to exist in 
mt)re than half the patients who developed chronic liver 
disease. !l will be of interest to determine whether these 
precore defective mutants alter lymphocyte cytotoxic re- 
sponses, since it is unclear whether these pre-C/C dele- 



y J 

lion tnutanis, are generated as a function of viral repli- 
cation or are selected by the immune response following 
clearance of wild-type virions from the liver. 

It has been suggested that HBV undergoes a higiicr 
rate of mutation than other DNA viruses during i^e plica- 
tion because of the infidelity of the reverse transcriptase. 
In a recent study, HBV DNA sequences in serum have 
been analyzed during a 4- to 6-ycar foliow-up of an 
HBsAg-positive carrier ^* It was found that there was an 
accumulation of misscnse mutations and deletions as 
well rearrangements in the prc-S/S and prc-C/C genes 
during chronic HBV infection. Thus, mutant virions 
emerged in this patient during chronic infection; a find- 
ing that also has been observed by others The 
generation of defective viruses may be a function of on- 
going viral replication; however, there may also be se- 
lection pressure toward the preservation of these mutated 
HBV strains due to altered host immune response. Tlie 
niuiaied genomes may escape immune detection, de- 
pending on the spec i tic location of point mutations, dele- 
tions, and rearrangements. Further study at the molecu- 
lar level of HBV variant strains with viral deletions, 
mutations^ and rearrangements will help clarify critical 
epitopes important for the immune response at both the 
T and B cell level and should help to identify the con- 
ditions neccssar\' for viral clearance and generation of 
lymphocyte cytotoxic responses to virus in the liver. 

Mutation in Genes Associated with Alter d 
Pathogenicity of Hepatitis B Virus 

The HBeAg and HBcAg are encoded for the most 
part by the saiTK sequence in the HBV genome in the 
same triplet reading frame (Fig. 9). HBeAg is synthe- 
sized initially as a precore molecule with 29 extra amino 
acids at the N-terminal region, using an AUG initiation 
codon 97 nucleotides upstream of the core AUG initial- 
ing codtm. Nineteen of these extra amino acids are 
cleaved in processing of e antigen, as well as a large 
portion of the carboxy-lerminal end. to yield a 16 kDa 
molecule in contrast to the 21 kDa mamre core protein 
(Fig. 9). In various regions of the worid, patients with 
severe and fulminant hepatitis have been found to harbor 
an HBV variant widi a G to A mutation at nucleotide 
1898 in the precore gene just upstream of the core AUG. 
This results in the generation of a stop codon in the pre- 
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FIG, 9. Processing of e antigen from precore protein during hepatj virus (HBV) replication. 
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core open reading frame. This mutation prevents 
the synthesis of the HBeAg but allows core antigen syn- 
thesis Lo continue normally and accounts for the serotype 
of HBsAg, HBV DNA and anti-HBe positive but HBeAg 
negative, originally identified in the early 1980s." -'' In 
other individuals, virions have been found to have an 
additional G to A mutation at nucleotide 1901 in the pre- 
core region and both of these mutations have been as- 
sociated with fulminant hepatitis B.^--^^-^' *' These mu- 
tations have been found to be particularly common in 
Italy, Greece, lsrael» and Japan, indeed » both wild-type 
and mutant virus are often found in the sanie patient re- 
covering from acute or chronic HBV infeciion. How- 
ever, in fulminant hepatitis B cases studied in the United 
Slates and England, precoie mutations have not been a 
consistent finding. The selection pressures that lead lo 
emergence of a mutant strain are unknown. It seems 
clear, however, that some individuals who are exposed 
to HBV sirains bearing these iwo precore mutations may 
be predisposed to a more severe fonn of liver injur>', 
such as fulminant hepatitis. 

An example of this phenomenon was illustrated by 
a nosocomial outbreak of five fatal cases of fulminant 
hepatitis B in Haifa, Israel.^"* Previous epidemiologic in- 
vestigations had traced a suspected source to an anti- 
HBe-positive HBsAg carrier wilh chronic liver disease. 
Hie presence of HBV was identitied by FCR arriphfica- 
tion of viral DNA in serum derived from this individual, 
the five patients with fulminant hepatitis B. and from 
five individuals with acute self-limited hepatitis B as 
controls. The amplified viral DNAs were cloned and se- 
quenced. Tliese studies showed that an HBV variant with 
two mutations ai positions 1898 and 1901 in the precore 
region was transmitted from the source patient to the five 
cases with fulminant hepatic failure. This HBV variant 
also contains significant sequence divergence in the X, 
piccorc, and core regions from aJl known HBV subtypcs. 
Cloued HBV DNAs derived from u patient with a sub- 
clinical ca.se of hepatitis B hospitalized at the same time 



as theoutbieak and four other control subjects with acute 
self-limited hepatitis B all contained the wild-type se- 
quence in the precore region (Fig. 10). 

This study demonstrates transmission of a variant 
hepatitis B viral strain from a common source lo five 
individuals who subsequcnlly developed fulminant hep- 
atitis B infection. Subsequent studies have shown that 
these two precore mutations do not appear to alter the 
synthesis of viral proteins, RNA or DNA. Moreover 
creating these two mutations in the wild-type virus by m 
vitro mutagenesis also did not alter the biologic proper- 
ties of the wild-type vims." At present, the importance 
of these two unique precore mutations is at best a molec- 
ular marker for some HBV viral strains that may predis- 
pose to more severe liver injury. It is highly likely thai 
other mutations within these viral strains may be more 
relevant to explain their altered biologic behavior in the 
host wilh respect to an association with severity of the 
viral hepatitis The precise role t>f these HBV vananls m 
producing severe liver injury, however, will require ex- 
tensive molecular and clinical investigation. 

Point mutations have been reported in the HBV sur- 
face antigen gene that may alter the pathogenicity and 
biologic properties of the mutant strain. In one recently 
described HBV variant, a point mutation from G to A at 
position 587 in the HBV genome resulted in an ammo 
acid substitution from glycine to argcnine.-^ It is within 
this region that the highly antigenic a detemiinam oi 
HBsAg resides. Tliis mutant strain infected 44 indivia- 
uals, including infants of HBsAg carrier mothers, who 
had undergone both passive and active HBsAg immuni- 
zauon- Thus, this point mutation resulted in a vaccine 
escape mutant of HBV. Two other variant strains have 
also been reported lo occur and replicate m the presence 
of vaccine-induced immunity. An HBsAg-ncgalive se- 
rum derived from a patient with chronic iivcr disease hab 
been found to transmit hepatitis lo a chimpanzee previ- 
ously vaccinated and subsequently shown to he immune 
by challenge wilh wild-type HBV.** This animal, al- 
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Precore 



Core 



A1GCAACTTTTTCACCTCTGCCTAATCATCTCTTGTTCATG7CCTACTGTTCAAGCCTCCAAGCTGTGCCTTGGGTGGCTTTGGGGC&1CGA 
MetGlnLeuPheHisl-cuCycLouTlelleScrCysSerCycProThrValGlnAlaSerLyjLcuCyaLeuGayTrpLeuTrpGlyMetAspIie 

Source patient * — a* 

STP 

Patient 1 a — a 

STP 

Pattent 2 a — a 

- ----------- - STP 

Patient 3 a- -a 

- STP 

Palrent 4 a — a 

- ----------- - STP 

Patient 6 A — A 

- ------ - - - STP 

Patient 5 g~g 

----- - TrpGly 

FtG. 10. Precore nucleotide and amino acid sequences of ifie fulminant tiepatitla B strains. The nucleotide mutations and 
the resulting stop codon (STP) associaied with the source patient and (he five pairertis with fulminant hepatitis are shov/n. For 
comparison, the wild-type 5€querK:e of the asymptomatic patient (patient 5) is shown as well. Nucleotides 1816 to 1911 are 
shown. 



though protected against the wiJd-type strain, was sus- 
ceptible to infection by the mutant virus. Finally, in Sen- 
egal, a second mutant strain has been identified in 
individuals with vaccine-induced anti-HBs. They were 
thought to be infected with a novel strain designated 
AH three studies emphasize the imponancc of 
understanding mutations in the HBV surface antigen 
gene with respect to the evolution of vaccine escape mu- 
tants, ft is unknown whether these mutant strains wiJI 
become a more general problcin and require different 
strategics for HBV vaccination in the future. 



CONCLUSIONS 

There seen»s to he little doubt that low-level HBV 
infection and variants play a significant role in the patho- 
genesis of acute and chronic inflammatory liver disease. 
If there is low-levcl HBV in serum, it is now possible to 
detect it directly by PCR amplification. If .such agents 
are found in serum, a potential viral ciioJogic component 
in the pathogenesis of ihe tiver injuiy should be consid- 
ered. In addition, if liver biopsy material is available, 
extraction of nucleic acids followed by PCR can confirm 
the presence of the viral genome in (he tissue even if 
fixed or paraffin embedded. Understanding the etiology 
of the liver injury may require the dcmon.su:aiion of the 
virus itself as the ultimate diagnostic test rathef than Ihe 
presence of anti-HBs. anti-HBc, and anii-HBe antibod- 
ies, which have been shown not to correlate with direct 
molecular markers of virus presence, especially in cases 
in which liver disease persists. Studies on the prevalence 
and molecular characterization of low-level HBV and 
variant infection are now possible by the techniques dis- 
cussed in this review. 

Mutation-induced changes in the viral genome rep- 
resent a major focus of active investigation in laborato- 



ries throughout the world. In biologic terms, there is cir- 
cumstantial evidence from moieculai' studies to suggest 
that HBV mutants may persist in liver cells by escaping 
from immune surveillance. From this perspective, criti- 
cal missense mutations may be responsible for underly- 
ing HBV persistence through a variety of mechanisms, 
including escape from immune surveillance, alteration of 
viral gene expression and replication, or changes in the 
antigenic properties of HBsAg. Identification of patients 
with low-level HBV and variant infection may therefore 
be important not only in understanding the palhagenesis 
of their disease, including the cellular and humoral im- 
mune response co the virus, but may also lead to the de- 
velopment of new antiviral strategies to tenninate viral 
replication in the liver." 
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